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Underground System and Apparatus For Storing Spent Nuclear Fuel 

Field of the Invention 

[0001] The present invention related generally to the field of storing spent nuclear fuel, and 
specifically to systems and methods for storing spent nuclear fuel in ventilated vertical 
modules. 

Background of the Invention 

[0002] In the operation of nuclear reactors, it is customary to remove fuel assemblies after 
their energy has been depleted down to a predetermined level. Upon removal, this spent 
nuclear fuel is still highly radioactive and produces considerable heat, requiring that great 
care be taken in its packaging, transporting, and storing. In order to protect the 
environment from radiation exposure, spent nuclear fuel is first placed in a canister. The 
loaded canister is then transported and stored in large cylindrical containers called casks. 
A transfer cask is used to transport spent nuclear fuel from location to location while a 
storage cask is used to store spent nuclear fuel for a determined period of time. 

[0003] In a typical nuclear power plant, spent nuclear fuel is loaded into a canister while 
submerged in a pool of water. The canister is sealed and loaded into a transfer cask while 
still submerged in the pool. Once loaded with the canister, the transfer cask is used to 
transport the canister to a storage cask. The loaded canister is then transferred from the 
transfer cask to the storage cask for long term storage. During transfer from the transfer 
cask to the storage cask, it is imperative that the loaded canister is not exposed to the 
environment. 

[0004] One type of storage cask is a ventilated vertical overpack ("WO"). A WO is a 
massive structure made principally from steel and concrete and is used to store a canister 
loaded with spent nuclear fuel. WOs stand above ground and are typically cylindrical in 
shape and extremely heavy, weighing over 150 tons and often having a height greater 
than 1 6 feet. WOs typically have a flat bottom, a cylindrical body having a cavity to 
receive a canister of spent nuclear fuel, and a removable top lid. 

[0005] In using a WO to store spent nuclear fuel, a canister loaded with spent nuclear fuel is 
placed in the cavity of the cylindrical body of the WO. Because the spent nuclear fuel is 
still producing a considerable amount of heat when it is placed in the WO for storage, it 
is necessary that this heat energy have a means to escape from the WO cavity. This heat 
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energy is removed from the outside surface of the canister by ventilating the WO cavity. 
In ventilating the WO cavity, cool air enters the WO chamber through bottom 
ventilation ducts, flows upward past the loaded canister, and exits the WO at an elevated 
temperature through top ventilation ducts. The bottom and top ventilation ducts of 
existing WOs are located circumferrentially near the bottom and top of the WXD's 
cylindrical body respectively, as illustrated in FIG. 1 . 

{00061 While it is necessary that the WO cavity be vented so that heat can escape from the 
canister, it is also imperative that WO provide adequate radiation shielding and that the 
spent nuclear fuel not be directly exposed to the external environment. The inlet duct 
located near the bottom of the overpack is a particularly vulnerable source of radiation 
exposure to security and surveillance personnel who, in order to monitor the loaded 
overpacks, must place themselves in close vicinity of the ducts for short durations. 

[0007] Additionally, when a canister loaded with spent nuclear fuel is transferred from a 
radiation pool to a storage WO , a transfer cask is stacked atop the storage WO so that 
the canister can be lowered into the storage WX3's cavity. Most casks are very large 
structures and can weigh up to 250,000 lbs. and have a height of 16 ft. or more. Stacking 
a transfer cask atop a storage cask requires a lot of space, a large overhead crane, and 
possibly a restraint system for stabilization. Often, such space is not available inside a 
nuclear power plant. Finally, the above ground storage overpacks stand at least 16 feet 
above ground and thus present a sizable target of attack to a terrorist. 

Disclosure of the Present Invention 
[0008] It is an object of the present invention is to provide a system and method for storing 

spent nuclear fuel that reduces the height of the stack assembly when a transfer cask is 

stacked atop a storage WO. 
[0009] It is another object of the present invention is to provide a system and method for 

storing spent nuclear fuel that requires less vertical space. 
[0010] Yet another object of the present invention is to provide a system and method for 

storing spent nuclear fuel that utilizes the radiation shielding properties of the subgrade 

during storage while providing adequate ventilation of the spent nuclear fuel. 
[0011] A further object of the present invention is to provide a system and method for storing 

spent nuclear fuel that provides the same or greater level of operational safeguards that 

are available inside a fully certified nuclear power plant structure. 
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[0012] A still further object of the present invention is to provide a system and method for 
storing spent nuclear fuel that decreases the dangers presented by earthquakes and other 
catastrophic events and virtually eliminates the potential damage from a World Trade 
Center or Pentagon type of attack on the stored canister. 

[0013] It is also an object of the present invention is to provide a system and method for 
storing spent nuclear fuel that allows an ergonomic transfer of the spent nuclear fuel from 
a transfer cask to a storage WO. 

[0014] Still another object of the present invention is to provide a system and method for 
storing spent nuclear fuel below grade. 

[0015] Yet another object of the present invention is to provide a system and method of 

storing spent nuclear fuel that reduces the amount of radiation emitted to the environment. 

[0016] These and other objects are met by the present invention which in one aspect is a 

system for storing spent nuclear fiiel comprising: a body having a cavity for receiving and 
storing a spent fuel canister, a major portion of the body positioned below grade; the body 
having at least one inlet ventilation duct extending from an above grade inlet to a below 
grade outlet in the cavity. By providing an inlet ventilation duct in the body that extends 
from above grade to the cavity at a point below grade, the radiation shielding properties 
of the subgrade can be utilized for the spent fuel canister without obstructing the 
ventilation of the canister in the cavity. When loaded with a hot spent fuel canister, the 
cool ambient air will enter the above grade inlet, travel through the inlet ventilation duct, 
and enter the cavity preferably, at or near its bottom. Heat from the spent fuel will warm 
the cool air causing it to rise within the cavity. The heated air will then exit the cavity via 
an outlet ventilation duct located in either a lid or in an above grade portion of the body. 
Thus, below grade storage of the spent nuclear fuel canister is facilitated while affording 
adequate heat ventilation for a spent fuel canister placed in the cavity. 

[0017] Preferably, the above grade inlet of the inlet ventilation duct is in a side wall of the 
body. When the above grade inlet is in the side wall of the body, the inlet ventilation duct 
can be an elongated substantially S-shape. In order to provide sufficient ventilation, it is 
preferred that two inlet ventilation ducts be provided in the body in opposing side walls of 
the body. Vent screens are preferably provided to cover the above grade inlets of the inlet 
ventilation ducts. 

[0018] The body is preferably constructed of concrete and the cavity and the ventilation duct 
are insulated from the body to both prevent the body from becoming heated beyond 
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FSAR limits and to prevent the cold air entering the ventilation duct from becoming 
heated before it enters the cavity. The ventilation duct and the cavity are preferably built 
to be an integral piece that is hermetically sealed, preventing the ingress of below grade 
liquids. This reduces the possibility of corrosion of the internals of the cavity. In this 
embodiment, a steel shell is provided to line the cavity and the inlet ventilation duct is 
constructed of steel. The shell and the inlet ventilation duct are welded together to 
achieve the hermetic seal. A bottom plate that is also integral to the shell and the inlet 
ventilation duct can be provided below the cavity. The system can also comprise a base 
on which the body is positioned, such as a concrete slab. 
[0019] The system can also have support blocks on the bottom surface of the cavity. 

Preferably, these support blocks will be circumferentially spaced apart and provide an air 
plenum between a canister of spent nuclear fuel and the bottom surface of the cavity 
when the canister is placed in the cavity for storage. The existence of the air plenum will 
help facilitate optimal ventilation of the cavity. The support blocks can be made of low 
carbon steel. 

[0020] During the storage of a spent fuel canister, the system will preferably further comprise 
a lid positioned atop the body and covering the cavity. Preferably, when a spent fuel 
canister is positioned in the cavity and the lid is placed atop the body enclosing the cavity, 
an air plenum exists between the canister and the lid. It is also preferable that the lid 
comprises a shear ring that protrudes into the cavity when the lid is positioned atop the 
body. The shear ring provides enormous shear resistance against lateral forces from 
earthquakes, impactive missiles, or other projectiles, thus, maintaining the radiation 
shielding integrity of the system. 

[0021] The lid also preferably comprises at least one outlet ventilation duct for allowing 
heated air to exit the cavity. This outlet ventilation duct can be a horizontal passageway 
in a side wall of the lid. In this embodiment, the outlet ventilation ducts in the lid are 
circumferentially and azimuthally separated from the above grade inlet of the inlet 
ventilation ducts in the body. This helps prevent the heated air that is exiting the cavity 
from the lid being drawn back into the inlet ventilation ducts in the body and back into 
the cavity. 

[0022] It is preferred that the body extend from approximately 6 inches to 36 inches above 
grade and that the a major portion of the cavity's height be below grade so that when a 
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spent fuel canister is lowered into the cavity, at least a major portion of the canister is 
below grade. 

[0023] In another aspect, the invention is a method of storing spent nuclear fuel comprising: 
providing the system described above; lowering a spent fuel canister into the cavity so 
that a major portion of the canister is below grade; and placing a lid atop the body so as to 
enclose the cavity, the lid having at least one outlet ventilation duct for allowing heated 
air to exit the cavity; wherein ventilation of the canister is provided by cold air entering 
the cavity through the inlet ventilation duct in the body, the cold air being heated within 
the cavity by the spent nuclear fuel, and warm air exiting the cavity through the outlet 
ventilation duct in the lid. The system used to perform the method of the present 
invention can contain any of the specific aspects discussed above. 

Brief Description of the Drawings 
[0024] Figure 1 is a perspective view of a prior art WO. 

[0025] Figure 2 is a side cross sectional view of an underground WO according to an 
embodiment of the present invention having a spent fuel canister positioned therein. 

[0026] Figure 3 is a perspective view of the underground WO of FIG. 2 removed from the 
ground. 

[0027] Figure 4 is a bottom perspective view of an alternate embodiment of a lid to be used 

with the underground WO of FIG. 2. 
[0028] Figure 5 is a perspective view of an array of underground WO's according to an 

embodiment of the present invention 

Detailed Description of the Drawings 
[0029] FIG. 1 illustrates prior art ventilated vertical overpack ("WO") 2. Prior art WO 2 
comprises flat bottom 17, cylindrical body 12, and lid 14. Lid 14 is secured to cylindrical 
body 12 by bolts 18. Bolts 18 also serve to restrain lateral sliding of lid 14 with respect to 
cylindrical body 12 if prior art WO 2 were to tip over. Cylindrical body 12 has top 
ventilation ducts 15 and bottom ventilation ducts 16. Top ventilation ducts 15 are located 
at or near the top of cylindrical body 12 while bottom ventilation ducts 16 are located at 
or near the bottom of cylindrical body 12. Both bottom ventilation ducts 16 and top 
ventilation ducts 15 are located around the circumference of the cylindrical body 12. The 
entirety of prior art WO 2 is positioned above grade. 
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[0030] Referring now to FIGS. 2 and 3, underground WO 20 is illustrated according to an 
embodiment of the present invention. Underground WO 20 is a vertical, ventilated dry 
spent fuel storage system that is fully compatible with 100 ton and 125 ton transfer casks 
for spent fuel canister transfer operations. Underground WO 20 is designed to accept 
spent fuel canisters for storage at an Independent Spent Fuel Storage Installation 
("ISFSI") in lieu of above ground overpacks (such as prior art WO 2 in FIG. 1). All 
spent fuel canister types presently certified for storage in free-standing and anchored 
overpack models can be stored in underground WO 20. 

[0031] Underground WO 20 comprises body 21, base 22, and removable lid 41. Body 21 is 
constructed of concrete, but can be constructed of other suitable materials. Body 21 is 
rectangular in shape but can be any shape, such as cylindrical. A major portion of the 
height of body 21 is positioned below grade so that only top portion 24 of body 23 
protrudes above gradelevel 23. Preferably, top portion 24 of body 21 extends 
approximately 6 to 36 inches above ground level 23. 

[0032] Body 21 has cylindrical cavity 26 therein (best shown in FIG. 3). While cavity 26 is 
cylindrical in shape, cavity 26 is not limited to any specific size or shape and can be 
designed to receive and store almost any shape of canister without departing from the 
spirit of the invention. 

[0033] Two inlet ventilation ducts 25 are provided in body 21 for providing inlet ventilation 
to the bottom of cavity 26. Inlet ventilation ducts 25 are an elongated substantially S- 
shaped passageway extending from above grade inlet 27 to below grade outlet 28. Above 
grade inlets 27 are located on opposing side walls of top portion 24 of body 21 and open 
to the ambient air above ground level 23. Below grade outlets 28 open into cavity 26 at 
or near its bottom at a position below ground level 23. Thus, inlet ventilation ducts 25 
provide a passageway for the inlet of air to the bottom of cavity 26, despite the bottom of 
cavity 26 being below grade. Vent screens 31 (FIG. 3) are provided to cover above grade 
inlets 27 so that objects and other debris can not enter and block the passageways of inlet 
ventilation ducts 25. As a result of the elongated S-shape of inlet ventilation ducts 25, 
above grade inlets 27 cease to be a location of elevated dose rate that is common in free- 
standing above ground WOs. Inlet ventilation ducts 25 have a rectangular cross section. 
However, inlet ventilation ducts 25 are not limited to any specific cross sectional shape or 
duct shape. The exact shape and cross-sectional configuration of the ducts is a matter of 
design preference. Inlet ventilation ducts 25 are preferably made of low carbon steel. 
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However, inlet ventilation ducts 25 can be made of any material or can be mere 
passageways formed into concrete body 21 without a lining. 
[0034] Support blocks 32 are provided on the bottom surface of cavity 26 so that canister 50 
can be placed thereon. Support blocks 32 are circumferentially spaced from one another. 
When canister 50 is placed into cavity 26 for storage, the bottom surface of canister 50 
rests on support bocks 32, forming an inlet air plenum 33 between the bottom surface of 
the canister and the bottom surface of cavity 26. Support blocks 32 are made of low 
carbon steel. 

[0035] As best illustrated in FIG. 3, cavity 26 is formed by thick steel shell 34 and an integral 
steel bottom plate 36. Shell 34 and bottom plate are made of low carbon steel. Inlet 
ventilation ducts 25 are also made of low carbon steel and are seal welded to shell 34 and 
bottom plate 36 to form an integral piece that is hermetically sealed to the ingress of 
below grade water and other fluids. Thus, the only way water or other fluids can enter 
cavity 26 is through the above grade inlets 27 or the outlet ventilation ducts 42 in the lid 
41. 

[0036] Concrete body 21 surrounds shell 34 and inlet ventilation ducts 25. Body 21 provides 
non-structural protection for shell 34 and inlet ventilation ducts 25. Insulation 37 is 
provided at the interface between shell 34 and concrete body 21 and at the interface 
between inlet ventilation ducts 25 and concrete body 21. Insulation 37 is provided to 
prevent excessive transmission of heat decay from spent fuel canister 50 to concrete body 
21, thus maintaining the bulk temperature of the concrete within FSAR limits. Insulating 
shell 34 and inlet ventilation ducts 25 from concrete body 21 also serves to minimize the 
heat-up of the incoming cooling air before it enters cavity 26. 

[0037] Body 21 along with the integral steel unit formed by bottom plate 36, shell 34, and 
ventilation ducts 25 are placed atop base 22. Base 22 is a reinforced concrete slab 
designed to satisfy the load combinations of ACI-349. Base 22 is rectangular in shape but 
can take on any shape necessary to support body 21. 

[0038] Underground WO 20 has a removable ventilated lid 41. Lid 41 is positioned atop 
body 21, thereby substantially enclosing cavity 26 so that radiation does not escape 
through the top of cavity 26. Lid 41 has four outlet ventilation ducts 42. Outlet 
ventilation ducts 42 form a passageway from the top of cavity 26 to the ambient so that 
heated air can escape from cavity 26. Outlet ventilation ducts 42 are horizontal 
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passageways that extend through side wall 30 of lid 41. Because outlet ventilation ducts 
42 are located within lid 41 itself, the total height of body 21 is minimized. 

[0039] Lid 41 comprises a roof 35 made of concrete. Roof 35 provides radiation shielding 
so that radiation does not escape from the top of cavity 26. Side wall 30 of lid 41 is an 
annular ring. When lid 41 is placed atop body 21 and spent fuel canister 50 is positioned 
in cavity 26, outlet air plenum 36 is formed between the top surface of canister 50 and lid 
41. Outlet air plenum 36 helps facilitate the removal of heated air via outlet ventilation 
ducts 42. In order to minimize the heated air exiting outlet ventilation ducts 42 from 
being siphoned back into inlet ventilation ducts 25, outlet ventilation ducts 42 are 
azimuthally and circumferentially separated from inlet ventilation ducts 25. 

[0040] Ventilated lid 41 also comprises shear ring 37. When lid 41 is placed atop to body 21, 
shear ring 37 protrudes into cavity 26, thus, providing enormous shear resistance against 
lateral forces from earthquakes, impactive missiles, or other projectiles. Lid 41 is secured 
to body 21 with bolts (not shown) that extend therethrough. 

[0041] Referring now to FIG. 4, an alternative embodiment of a lid that can be used in 
underground WO 20 is illustrated. Lid 50 contains similar design aspects as lid 41 and 
is illustrated to more fully disclose the aforementioned lid design aspects. Lid 50 has four 
horizontal outlet ventilation ducts 51 in side wall 52. Shear ring 54 is provided on the 
bottom of lid 50 to fit into cavity 26. Bolts 18 are used to secure lid 50 to bolt holes in 
the top of body 21. 

[0042] While the outlet ventilation ducts are illustrated as being located within the lid of the 
underground WO, the present invention is not so limited. For example, outlet 
ventilation ducts can be located in the body of the underground WO at a location above 
grade. 

[0043] Referring back to FIG. 2, soil 29 surrounds body 21 for almost the entirety of its 
height. When spent fuel canister 50 is positioned in cavity 26, a major portion, if not 
substantially all of the entire height of the canister 50 is below grade. Thus, soil 29 
provides a degree of radiation shielding for spent fuel that is stored in underground WO 
20 that can not be achieved in above-ground overpacks. Underground WO 20 is 
unobtrusive in appearance and there is no danger of underground WO 20 tipping over. 
Additionally, underground WO 20 does not have to contend with soil-structure 
interaction effects that magnify the free-field acceleration and potentially challenge the 
stability of an above ground free-standing overpack. 
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[0044] Referring now to FIGS. 5, ISFIs can be designed to employ any number of 

underground VVOs 20 and can be expanded in number easily to meet growing needs. 
Although the underground WOs 20 are closely spaced, the design permits any cavity to 
be independently accessed by cask crawler 70 with ease. The subterranean configuration 
of underground WOs 20 greatly reduce the height of the stack structures created during 
loading/transfer procedures where a transfer cask 80 is positioned atop the underground 
WO 20. 

[0045] An embodiment of a method of using underground WO 20 to store spent nuclear fuel 
canister 50 will now be discussed in relation to FIGS. 2-5. Upon being removed from a 
spent fuel pool and treated for dry storage, spent fuel canister 50 is positioned in transfer 
cask 80. Transfer cask is 80 is carried by cask crawler 70 to a desired underground WO 
20 for storage. In preparing the desired underground WO 20 to receive canister 50, lid 
41 is removed from body 21 so that cavity 26 is open. Cask crawler 70 positions transfer 
cask 80 atop underground WO 20. After transfer cask is properly secured to the top of 
underground WO 20, the bottom plate of transfer cask 80 is removed. Canister 50 is 
then lowered by cask crawler 70 from transfer cask 80 into cavity 26 of underground 
WO 20 until the bottom surface of canister 50 contacts and rests atop support blocks 32, 
as described above. 

[0046] When resting on support blocks 32, a major portion of the canister's height is below 
grade. Once canister 50 is positioned and resting in cavity 26, lid 41 is placed over cavity 
26 substantially enclosing cavity 26. Lid 41 is oriented atop body 21 so that shear ring 37 
protrudes into cavity 26 and outlet ventilation ducts 42 are azimuthally and 
circumferentially separated from inlet ventilation ducts 25 on body 21. Lid 41 is then 
secured to body 21 with bolts. As a result of the heat eminating from canister 50, cool air 
from the ambient is siphoned into inlet ventilation ducts 25 and into the bottom of cavity 
26. This cool air is then warmed by the heat from the spent fuel in canister 50, rises in 
cavity 26 around canister 50, and then exits cavity 26 as heated air via outlet ventilation 
ducts 42 in lid 41. 

[0047] While the invention has been described and illustrated in sufficient detail that those 
skilled in this art can readily make and use it, various alternatives, modifications, and 
improvements should become readily apparent without departing from the spirit and 
scope of the invention. 
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